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PACKAGE ON-PACKAGE PROCESS FOR
APPLYING MOLDING COMPOUND

PRIORITY CLAIM AND CROSS-REFERENC.

L1

This application 1s a divisional of U.S. patent application

Ser. No. 13/118,108, entitled “Package-on-Package Process
tor Applying Molding Compound,” filed on May 27, 2011,

which application 1s incorporated herein by reference.

BACKGROUND

In a conventional package-on-package (POP) process, a
top package, in which a first device die 1s bonded, 1s further
bonded to a bottom package. The bottom package may also
be bonded with a second device die. As a result, the second
device die may be on the same side of the bottom package
as the solder balls that are used to bond the bottom package
to the top package.

Before the bonding of the top package to the bottom
package, a molding compound 1s applied on the bottom
package, with the molding compound covering the second
device die and the solder balls. Since solder balls are buried
in the molding compound, a laser ablation or drilling 1is
performed to form holes 1 the molding compound, so that
the solder balls are exposed. The top package and the bottom
package may then be bonded through the solder balls 1n the
bottom package.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the embodiments,
and the advantages thereol, reference 1s now made to the
tollowing descriptions taken 1n conjunction with the accom-
panying drawings, in which:

FIGS. 1 through 4 are cross-sectional views ol interme-
diate stages 1n the formation of a top package 1n accordance
with an embodiment;

FIGS. 5 through 7 are cross-sectional views ol interme-
diate stages in the formation of a bottom package in accor-
dance with an embodiment, wherein a compressive molding
method 1s used to apply a molding compound;

FIGS. 8 and 9 illustrate the bonding of the top package to
the bottom package; and

FIGS. 10 and 11 are cross-sectional views of intermediate
stages 1n the formation of a bottom package 1n accordance
with an alternative embodiment, wherein a transfer molding,
method 1s used to apply a molding compound.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of the embodiments of the disclo-

sure are discussed 1n detail below. It should be appreciated,
however, that the embodiments provide many applicable
inventive concepts that can be embodied 1n a wide variety of
specific contexts. The specific embodiments discussed are
merely 1llustrative, and do not limit the scope of the disclo-
sure.
A package-on-package (PoP) bonding method and the
resulting package structure are provided in accordance with
various embodiments. The intermediate stages ol manufac-
turing a package structure in accordance with an embodi-
ment are illustrated. The variations of the embodiments are
then discussed. Throughout the various views and illustra-
tive embodiments, like reference numbers are used to des-
ignate like elements.
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Referring to FIG. 1, package component 10 1s provided.
Package component 10 may comprise substrate 11 that is
formed of a semiconductor material, such as silicon, silicon
germanium, silicon carbide, gallium arsenide, or other com-
monly used semiconductor materials. Alternatively, sub-
strate 11 1s formed of a dielectric matenal. Package com-
ponent 10 1s configured to electrically couple metal bumps
12 on first surface 10A to metal features such as bond pads
16 on second surface 10B opposite first surface 10A.
Accordingly, package component 10 may include metal
lines/vias 14 therein. In an embodiment, package component
10 1s an interposer. In alternative embodiments, package
component 10 1s a package substrate.

Die 20 1s bonded to package component 10 through metal
bumps 12. Metal bumps 12 may be solder bumps or other
types of metallic metal bumps. Throughout the description,
metal bumps 12 are alternatively referred to as solder bumps
12. Die 20 may be a device die comprising integrated circuit
devices, such as transistors, capacitors, inductors, resistors
(not shown), and the like, therein. Furthermore, die 20 may
be a logic die comprising core circuits, and may be, for
example, a center computing unit (CPU) die, or a memory
die. The bonding between die 20 and metal bumps 12 may
be a solder bonding or a direct metal-to-metal (such as a
copper-to-copper) bonding. An underfill (not shown) may be
dispensed 1nto the gaps between die 20 and package com-
ponent 10.

Retferring to FIG. 2, molding compound 24 1s molded
onto die 20 and package component 10 using, for example,
compressive molding or transter molding. Accordingly, die
20 1s protected by molding compound 24. In FIG. 3, solder
balls 26 are mounted on bond pads 16 on surface 10B of
package component 10. Solder balls 26 and die 20 may be
on opposite sides of package component 10. A retlow 1s
performed on solder balls 26. Top package 30 1s thus
formed. Next, as shown in FIG. 4, a flux dipping 1s per-
formed to apply flux/solder paste 28 onto solder balls 26.

Referring to FIG. 5, bottom package 40 1s formed. Bottom
package 40 includes package component 42, which may be
an 1nterposer, a package substrate, or the like. Package
component 42 1s configured to electrically couple solder
balls 44 and/or metal bumps 45 at the top surface to bond
pads 43, which 1s at a bottom surface of package component
42. The metal connections from metal bumps 45 to solder
balls 44 and/or bond pads 43 are not shown, although they
may also exist. Furthermore, package component 42 may
include metal lines and vias, both shown as 46, therein.

Die 50 1s bonded to package component 42 through metal
bumps 45. Metal bumps 45 may be solder bumps or other
types ol metallic metal bumps. Die 50 may be a device die
such as a logic die or a memory die. The bonding between
die 50 and bumps 45 may be a solder bonding or a direct
metal-to-metal (such as a copper-to-copper) bonding. An
underfill (not shown) may be dispensed into the gaps
between die 50 and package component 42. Solder balls 44
may be mounted on the same side of package component 42
as die 50. Solder balls 44 have great sizes, so that the top
ends 44 A of solder balls 44 may be higher than top surface
50A of die 50.

FIGS. 6 and 7 illustrate the cross-sectional views of
intermediate stages in a compressive molding to apply
molding compound 66 on package 40. Molding compound
66 may be a resin or other types of dielectric encapsulating
material. Reterring to FIG. 6, a part of mould 62, which 1s
part of compressive molding apparatus, 1s 1llustrated. Mould
62 1s configured to be heated to desirable temperatures.
Cavity 64 1s formed 1n mould 62. Movable compression
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block 63 1s under cavity 64, and 1s configured to be moved
up and down, as symbolized by the arrows, so that the depth
of cavity 64 may be changed.

Release film 60 1s placed on mould 62, and extends into
cavity 64. Release film 60 1s relatively soft, so that when
solder balls are pressed into 1t, the solder balls are not
damaged, and the solder balls may substantially maintain
their shapes. Release film 60 may be a fluorine-base film, a
silicon-coated polyethylene terephthalate film, a polymeth-
ylpentene film, a polypropylene film, or the like. Mould 62
may comprise small holes (not shown), so that when vacu-
umed, release film 60 may have good contact with movable
compression block 63, the sidewalls of mould 62 (in cavity
64), and the top surfaces of mould 62. Accordingly, sub-
stantially no air bubble 1s formed between release film 60
and mould 62, and between release film 60 and movable
compression block 63. Release film 60 also forms a cavity,
which 1s also shown as cavity 64. Molding compound 66,
which 1s 1 a liguid form, 1s placed 1n cavity 64 and over
release film 60. Bottom package 40 1s then placed over
cavity 64, with die 50 and solder balls 44 facing cavity 64.

Referring to FIG. 7, device die 50 and solder balls 44 are
placed into cavity 64. Movable compression block 63 may
also be pushed upwardly, so that molding compound 66 1s
pushed up to {ill 1n the spaces between solder balls 44, and
{11l 1n the space between die 50 and solder balls 44. Molding
compound 66 may also be 1 physical contact with surface
42A of package component 42. The amount of molding
compound and the respective thickness T1 (FIG. 6) 1s
controlled, so that solder balls 44 penetrate through molding
compound 66, with solder balls 44 at least in physical
contact with release film 60. In an embodiment, solder balls
44 are pressed against release film 60, with a first portion of
cach of solder balls 44 pressed 1nto release film 60. A second
portion of each of solder balls 44 1s not pressed into release
film, so that they are inside and in contact with molding
compound 66. As shown in FIG. 6, depth T1 of molding
compound 66 pre-placed in cavity 64 may be smaller than
height H3 of solder balls 44. Die 50, on the other hand, may,
or may not, be in physical contact with release film 60. In
FIG. 7, lines 50' are drawn to mark the left side, the right
side, and the bottom side of die 50' when the bottom side 1s
in contact with release film 60. In an embodiment, die 50
does not penetrate into release film 60. As shown in FIG. 7,
the sidewalls 42' of package component 42 are vertically
misaligned with the respective sidewalls 66' of molding
compound 66, and sidewalls 42' are closer to the center axis
(not shown) of package component 42 than sidewalls 66'.
Accordingly, the distance between opposite sidewalls 66' 1s
smaller than the distance between opposite sidewalls 42'.

Molding compound 66 is then cured, for example, by
heating mould 62. During the curing step, solder balls 44
remain in physical contact with release film 60, and solder
balls 44 may also remain to be pressed into release film 60.
After the heating to cure molding compound 66, bottom
package 40 1s separated from release film 60. The resulting
bottom package 40 1s 1illustrated in FIG. 8.

As shown 1n FIG. 8, the portions of solder balls 44 that are
in contact with, and possibly pressed into, release film 60
when the curing 1s performed do not have molding com-
pound 66 thercon. The cured molding compound 66 has top
surface 66 A, which may be substantially flat. Top ends 44A
of solder balls 44 may be at least level with, and may be
higher than, top surfaces 66 A. Accordingly, all solder balls
44 are exposed through cured molding compound 66. Die 50
may be buried under a thin layer of molding compound 66.
Alternatively, die 50 may be exposed and having a top
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4

surface level with top surtace 66 A of molding compound 66.
Accordingly, during the molding step as shown in FIG. 7,
the top surface (which is the bottom surface in FIG. 7) 1s in
contact with release film 60. Since release film 60 1s soft,
pressing solder balls 44 will not cause significant change in
the shape of solder balls 44, and the shape of the exposed
portions of solder balls 44 may remain to be substantially
rounded.

As also shown 1n FIG. 8, top package 30 as formed 1n the
step shown 1n FIG. 4 1s placed over bottom package 40.
Since the compression molding in accordance with embodi-
ments results 1n solder balls 44 to be exposed already, there
1s no need to performing a laser ablation or drilling to expose
solder balls 44 from molding compound 66. Next, as shown
in FIG. 9, solder balls 26 i top package 30 (please refer to
FIG. 8) are placed against, and 1n contact with correspond-
ing solder balls 44. A reflow 1s performed, so that solder
balls 44 and 26 are melted to form combined solder bumps
(denoted as 26/44).

FIGS. 10 and 11 1llustrate the molding of molding com-
pound 66 to package component 42 in accordance with
alternative embodiments, in which molding compound 66 1s
molded onto package component 42 through transier mold-
ing. Unless specified otherwise, the reference numerals 1n
these embodiments represent like elements 1n the embodi-
ments 1llustrated in FIGS. 1 through 9. The 1nitial steps of
this embodiment are essentially the same as shown 1n FIGS.
1 through 5. Next, as shown 1n FIG. 10, bottom package
component 42 1s placed on lower chassis 70 of a transfer
molding equipment. Solder balls 44 face up. Release film 60
1s placed over and in contact with solder balls 44. Upper
chassis 72 1s used to suck up and hold release film 60, which
forms cavity 64. Cavity 64 may be essentially the same as
cavity 64 in FIG. 6, except cavity 64 faces downwardly 1n
FIG. 10. Solder balls 44 are pressed against release film 60,
and a portion of each of solder balls 44 may be pressed into
release film 60. The portions of solder balls 44 pressed 1nto
release film 60 have height H1. Die 50, on the other hand,
may, or may not, be in physical contact with release film 60.

Next, as shown in FIG. 11, the air in cavity 64 1is
vacuumed. Molding compound 66 1s then injected into
cavity 64 using plunger 74, and molding compound 66 fills
the spaces between package component 42, solder balls 44,
die 50, and release film 60. A heating 1s then performed, so
that molding compound 66 1s cured. Bottom package 40,
which now comprises molding compound 66 thereon, 1s
then separated from release film 60. The resulting package
40 15 essentially the same as shown 1 FIG. 8. The steps as
shown 1n FIGS. 8 and 9 may then be performed to finish the
packaging of packages 30 and 40.

By using the embodiments, after molding compound 66 1s
molded on package component 42, solder balls 44 are
already exposed through molding compound 66. Accord-
ingly, the step of laser ablation or drilling 1s saved. The
manufacturing cost 1s reduced, and the manufacturing
throughput 1s enhanced.

In accordance with embodiments, a method of packaging
includes placing a package component over a release film,
wherein solder balls on a surface of the package component
are 1n physical contact with the release film. Next, A molding
compound {illed between the release film and the package
component 1s cured, wherein during the step of curing, the
solder balls remain 1n physical contact with the release film.

In accordance with other embodiments, a method includes
providing a bottom package including a package compo-
nent, a solder ball mounted over a top surface of a package
component, and a device die over and bonded to the top
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surface of the package component. The solder ball has a top
end higher than a top surface of the device die. The package
component 1s pressed against a release film, so that a first
portion of the solder ball 1s pressed into the release film, and

a second portion of the solder ball 1s outside the release film. 5
The release film forms a cavity, with the solder ball being 1n
the cavity. A molding compound 1s filled 1nto the cavity. The
molding compound 1n the cavity 1s cured, wherein during the
step of curing, the first portion of the solder ball remains
inside the release film. 10

In accordance with yet other embodiments, a package
includes a package component, a plurality of solder balls
over and mounted onto a surface of the package component,
and a molding compound over the surface of the package
component. Portions of the molding compound between the 15
plurality of solder balls have top surfaces that are lower than
top ends of the plurality of solder balls.

Although the embodiments and their advantages have
been described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein 20
without departing from the spirit and scope of the embodi-
ments as defined by the appended claims. Moreover, the
scope of the present application 1s not intended to be limited
to the particular embodiments of the process, machine,
manufacture, and composition of matter, means, methods 25
and steps described 1n the specification. As one of ordinary
skill 1n the art will readily appreciate from the disclosure,
processes, machines, manufacture, compositions ol matter,
means, methods, or steps, presently existing or later to be
developed, that perform substantially the same function or 30
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means, 35
methods, or steps. In addition, each claim constitutes a
separate embodiment, and the combination of various claims
and embodiments are within the scope of the disclosure.

What 1s claimed 1s:

1. A package comprising: 40

a package component comprising a first plurality of
conductive pads at a top surface of the package com-
ponent, a second plurality of conductive pads at a
bottom surface of the package component, and metal
lines and vias electrically connecting the first plurality 45
of conductive pads to the second plurality of conduc-
tive pads;

a device die over and bonded to the top surface of the
package component;

a plurality of solder regions, each of the plurality of solder 50
regions having a bottom surface contacting a corre-
sponding one of the first plurality of conductive pads,
cach of the plurality of solder regions being the same
material; and

a molding compound over the top surface of the package 55
component and encircling the device die, wherein top
ends of the plurality of solder regions are over a top
surface of the molding compound, wherein each of the
solder regions of the plurality of solder regions com-
prises a single continuous solder layer extending from 60
a corresponding one of the first plurality of conductive
pads to above the molding compound, wherein the
molding compound has a substantially planar top sur-
face extending from the device die to the plurality of
solder regions, and the substantially planar top surface 65
of the molding compound contacts a top corner of the
device die, and wherein the package component has the
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top surface comprising a first portion 1n direct contact
with the molding compound, and an entirety of a
second portion not overlapped by the molding com-
pound, wherein the second portion converges at a
corner with an outer sidewall of the package compo-
nent, the outer sidewall being free from overlying
conductive material.

2. The package of claim 1, wherein the plurality of solder
regions comprises top portions over the top surface of the
molding compound, and top surfaces of the top portions are
rounded.

3. The package of claim 2, wherein the plurality of solder
regions comprises sidewalls 1n contact with the molding
compound, and the sidewalls are smoothly connected to the
top surtaces of the top portions.

4. The package of claim 3, wherein the sidewalls and the
top surfaces of the top portions of the plurality of solder
regions form continuous rounded profiles.

5. The package of claim 1, wherein top surfaces of the
molding compound between the plurality of the solder
regions are coplanar with each other.

6. The package of claim 1 further comprising:

an additional package bonded to the plurality of solder

regions, wherein the plurality of solder regions com-
prises smooth and rounded sidewalls 1n contact with the
molding compound.

7. The package of claim 6, wherein the additional package
COmMprises:

a substrate; and

an additional device die bonded to the substrate, wherein

the top surface of the molding compound 1s spaced
apart from the substrate of the additional package by a
space.

8. The package of claim 1, wherein a top surface of the
device die 1s coplanar with the top surface of the molding
compound, and the device die i1s exposed through the
molding compound.

9. The package of claim 1, wherein first sidewalls of the
molding compound 1s vertically misaligned with corre-
sponding second sidewalls of the package component.

10. A package comprising:

a package substrate comprising a first plurality of con-

ductive pads at a top surface of the package substrate,
a second plurality of conductive pads at a bottom
surface of the package substrate, and metal lines and
vias electrically connecting the first plurality of con-
ductive pads to the second plurality of conductive pads;

a device die over and bonded to the package substrate;

a plurality of solder regions, each over and physically

contacting one of the first plurality of conductive pads,
wherein entireties of the solder regions are over the
respective ones of the first plurality of conductive pads,
cach of the plurality of solder regions being the same
material; and

a molding compound molding bottom portions of the

plurality of solder regions therein, with top portions of
the plurality of solder regions protruding over a top
surface of the molding compound, wherein the plurality
of solder regions has rounded sidewalls, wherein the
molding compound has a substantially planar top sur-
face extending from the device die to the plurality of
solder regions, the substantially planar top surface
being perpendicular to an outer sidewall of the molding
compound, and the substantially planar top surface of
the molding compound contacts a top corner of the
device die, and wherein the package substrate has the
top surface comprising a first portion 1n direct contact
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with the molding compound, and a second portion not
overlapped by the molding compound, wherein the
second portion converges with a sidewall of the pack-
age substrate at an outer corner of the package sub-
strate, the sidewall being free from overlying conduc-
tive material.

11. The package of claim 10, wherein sidewalls of the
plurality of solder regions are 1n contact with the molding
compound.

12. The package of claim 10, wherein portions of the top

surface of the molding compound between the plurality of
the solder regions are leveled with each other.

13. The package of claim 10, wherein first sidewalls of the
molding compound i1s vertically misaligned with corre-
sponding second sidewalls of the package substrate.

14. A package comprising;

a first package comprising a package substrate comprising,
a plurality of conductive pads at a top surface of the
package substrate, a device die over and bonded to the
package substrate, and a molding compound molding
the device die therein, wherein first outer sidewalls of
the molding compound are vertically misaligned from
corresponding second outer sidewalls of the package
substrate, wherein the first outer sidewalls are perpen-
dicular to the top surface of the package substrate, and
wherein the package substrate has the top surface
comprising a {irst portion in direct contact with the
molding compound, and an entirety of a second portion
not overlapped by the molding compound, wherein the
second portion forms a corner with one of the corre-
sponding second outer sidewalls, the one of the corre-
sponding second outer sidewalls being a vertical side-
wall located at an outermost periphery of the package
substrate;

a plurality of solder regions 1n the first package, each of
the plurality of solder regions being the same material,
wherein each of the plurality of solder regions com-
Prises:
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a bottom surface physically contacting a top surface of
a corresponding one of the plurality of conductive
pads, wherein each of the plurality of solder regions
does not penetrate through the package substrate;

smooth and rounded sidewalls 1 contact with the
molding compound; and

a top portion protruding out of the top surface of the
molding compound, wherein the top portion has a
rounded top surface smoothly connected to the
smooth and rounded sidewalls, wherein a majority of
cach of the solder regions 1s 1n the molding com-
pound.

15. The package of claim 14, wherein portions of the top
surface of the molding compound between the plurality of
the solder regions are leveled with each other.

16. The package of claim 14, wherein a top surface of the
device die 1s coplanar with a top surface of the molding
compound, and the top surface of the device die extends to
top corners of the device die, and the device die 1s exposed
through the molding compound.

17. The package of claim 14, wherein the solder regions
comprise top portions protruding out of the molding com-
pound, and the package further comprises a release film,
with the top portions of the solder regions embedded in the
release film.

18. The package of claim 14, wherein the plurality of
solder regions does not extend into the package substrate.

19. The package of claim 14, wherein the molding com-
pound has a substantially planar top surface extending from
the device die to the plurality of solder regions.

20. The package of claim 14, wherein a first distance
between opposite ones of the first outer sidewalls of the
molding compound 1s smaller than a second distance
between opposite ones of the corresponding second outer
sidewalls of the package substrate.
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